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Title of the invention 

An electromechanical turbojet thrust reverser with 
continuous position control 

5 Background of the invention 

The present invention relates to the general field 
of thrust reversers for bypass turbojets. More 
particularly, it relates to an electromechanical thrust 
reverser comprising at least two displaceable elements 
10 co-operating in the open position of the reverser to 
reverse thrust, such as a grid, door, or shell thrust 
reverser . 

Thrust reversers fitted to bypass turbojets are well 
known in the field of aviation. They are used to 

15 increase airplane safety by assisting in the braking 

thereof during landing. Thrust reversers are generally 
in the form of least two moving elements, such as sliding 
doors, which are suitable for being moved relative to the 
pod of the turbojet by means of control actuators so that 

2 0 when operating in thrust reversal, i.e. in the open 

position, they constitute an obstacle for a fraction of 
the gas coming from the turbojet, which fraction is 
redirected forwards so as to provide the airplane with 
reverse thrust. 

2 5 In order to provide the control system of the thrust 

reverser with accurate information about the position in 
which the doors of the reverser are to be found, it is 
known to fit the doors with multiple position sensors 
that are directly connected to a reverser control unit. 

30 Generally, the sensors are positioned on each control 

actuator and are associated with detectors for detecting 
the state of each locking system of the reverser. Such 
sensors and detectors thus provide safety, enabling the 
pilot to be kept continuously informed about the deployed 

35 or retracted positions of the reverser doors. 

Since a thrust reverser having two sliding doors 
generally comprises, for each door, three control 
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actuators and three different locking systems, this leads 
to a large number of position sensors per reverser. Such 
an abundance of sensors has the effect of increasing the 
risk of there being a sensor breakdown, thereby reducing 
5 the reliability of the assembly as a whole. This 

abundance of sensors is also harmful in terms of the 
overall weight of the thrust reverser. 

In addition, the position sensors that are generally 
used are abutment sensors that indicate only when the 

10 reverser is in a deployed position or in a retracted 
position. Such sensors do not enable sufficiently 
accurate information to be obtained concerning the exact 
positions of the doors of the reverser. In the event of 
one of the doors becoming blocked or jammed, it is 

15 difficult or even impossible to determine the exact 

position in which the thrust reverser is to be found. 

Object and summary of the invention 

The present invention thus seeks to mitigate such 

2 0 drawbacks by proposing a thrust reverser which provides 
continuous information about the positions of the doors, 
even in the event of a breakdown, thereby increasing 
airplane safety. 

To this end, the invention provides a turbojet 

25 thrust reverser for installing on an airplane, the 

reverser comprising: two doors displaceable between an 
open position and a closed position of the reverser, each 
of said doors being controlled by a respective electronic 
control unit; at least one sensor per door measuring at 

30 least one item of position data concerning said door, 

said at least one sensor of each door being connected to 
said electronic control unit which controls said door in 
order to transmit said door position data thereto, said 
electronic control units being connected to each other in 

35 order to exchange said position data; and a full 

authority digital engine control (FADEC) having two 
channels each connected to both electronic control units 



in order to receive the position data from each of the 
doors from said electronic units together with data 
concerning the operating state of each of said electronic 
units, said channels being connected to each other so as 
to exchange said door position data and said electronic 
unit state data so that the airplane pilot is 
continuously informed about the positions of said doors 
and the states of said electronic units, even in the 
event of one of said electronic units breaking down and 
one of said FADEC channels breaking down. 

As a result, the exchange of data between the 
electronic control units and the channels of the FADEC 
enables the effectiveness of data transmission to the 
airplane pilot to be improved, particularly in the event 
of one of the units breaking down or one of the FADEC 
channels breaking down. This transmission of data to the 
airplane is provided by duplicating the data, and not by 
sensor redundancy, thus providing improved reliability 
and also reducing weight. 

Each door is advantageously displaceable under drive 
from at least one control actuator, said reverser 
including, for each door, a first sensor located at said 
at least one control actuator so as to measure the 
position of said control actuator. Preferably, said 
first sensor continuously measures the position of said 
control actuator. Continuous measurement of the position 
of each door makes it possible specifically to 
synchronize reverser travel. It also makes it possible 
quickly to detect any jamming or blocking of the 
reverser, thereby limiting the potential damage that 
could arise from jamming or blocking. 

Each door is associated with a mechanical blocking 
device serving to ensure that said door is held in 
position, said reverser including, for each door, a 
second sensor measuring data concerning the state of said 
mechanical blocking device. Similarly, an abutment 
locking device serving to retain the door can also be 



provided, in which case the reverser has a third sensor 
for each door serving to measure state data concerning 
such a device. 

In order to mitigate the effects of two independent 
breakdowns, each electronic control unit is 
advantageously connected to the two channels of the FADEC 
so that the airplane pilot is continuously informed about 
the positions of the doors and the states of the 
electronic units, even in the event of one of the 
electronic units breaking down and one of the channels of 
the FADEC breaking down. 

Brief description of the drawings 

Other characteristics and advantages of the present 
invention appear from the following description given 
with reference to the accompanying drawings which show an 
embodiment that is not limiting in any way. In the 
figures : 

- Figure 1 is a diagram showing an embodiment of a 
thrust reverser of the invention; and 

- Figure 2 is a block diagram corresponding to the 
embodiment of the thrust reverser shown in Figure 1 . 

Detailed description of an embodiment 

Reference is made initially to Figure 1 which shows 
an embodiment of a thrust reverser of the invention. 

The thrust reverser has two doors 10a, 10b each 
displaceable between an open position and a closed 
position for the reverser by means of at least one 
control actuator 12 (three actuators are shown in 
Figure 1, a central actuator and two actuators positioned 
respectively at the two side ends of each door) . 

The reverser also comprises two electric motors 14a, 
14b each controlling displacement of one door. These 
electric motors drive the actuators 12 controlling each 
door 10a, 10b via transmission shafts 16 interconnecting 
the control actuators of the corresponding door. 
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Each electric motor 14a, 14b is mounted directly on 
an electronic control unit 18a, 18b which governs the 
entire sequence of moving the two doors and regulates the 
speed of rotation of its electric motor. Each electronic 
5 control unit 18a, 18b is electrically connected to one of 
the two channels 2 0a, 2 0b of a full authority digital 
engine control 2 0 referred to herein by the abbreviation 
FADEC. An order to deploy or to retract the thrust 
reverser is issued by the FADEC to the electronic units 
10 18a, 18b. It is also possible to integrate the 

electronic units in the FADEC. The channels 2 0a, 20b of 
the FADEC 2 0 are capable of exchanging data between each 
other . 

The electronic control units 18a, 18b are powered 
15 electrically via an electrical harness 22 connected to 

the electrical power supply network 24 of the airplane on 
which the turbojet is mounted. The electronic control 
units transform and adapt the electrical signal for the 
purpose of powering the electric motors 14a, 14b. 

2 0 The actuators 12 for controlling the doors of the 

reverser are of the electromechanical type. They are 
driven by gearboxes 26 mounted on each of the actuators. 
The control relationship (speed control or on/off type 
control) for the reverser doors 10a, 10b is transmitted 
25 from the electronic units to each of the control 

actuators 12 via the electric motors 14a, 14b, the 
transmission shafts 16, and the gearboxes 26. 

A drive takeoff 2 8 may be provided at one of the 
control actuators 12 so as to enable the door associated 

3 0 with the control actuator to be operated manually, in 

particular when performing maintenance operations on the 
thrust reverser. In the example shown in Figure 1, the 
central actuator 12 presents such a takeoff 28 at its 
gearbox 26. Since the gearboxes of both doors are 
35 interconnected, this drive takeoff thus enables an 

operator performing maintenance to open and/or close the 
doors of the reverser using a single handle, for example. 
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Access to the drive takeoff 28 for each door may be 
electrically connected to the electronic control unit 
18a, 18b so as to deactivate the electrical power supply 
during such maintenance operations in order to avoid any 
untimely deployment of the reverser. 

The electronic control units 18a, 18b may also 
exchange data between each other via an electrical link 
3 0 of the harness type. Such data exchange between the 
two electronic units serves in particular to compare 
information concerning the positions of the two doors. A 
mechanical link 32 between the two doors 10a and 10b, and 
a flexible synchronizing shaft 34 interconnecting the 
actuators of the two doors may be provided in order to 
facilitate synchronizing the displacement of both doors. 

The thrust reverser has three levels of locking, 
each level being capable of retaining the thrust 
reverser. 

A first level of locking is performed by a 
mechanical blocking device 3 6 referred to as a "primary 
latch" which is associated with each door of the 
reverser. Each primary latch is mounted directly on the 
electric motor 14a, 14b and it is controlled by the 
electronic unit 18a, 18b. These primary latches 36 serve 
individually to retain the door associated therewith. 
For example, the latches may be of the disk brake type, 
performing blocking by means of a pin that prevents the 
transmission shaft from moving. 

Given that the two doors are mechanically 
interconnected by the links 32 and 34, the primary latch 
36 of either door constitutes a second level of locking 
for the other door, and thus constitutes a secondary 
latch for the other door. The secondary latch is 
intended to take up loads on the door in the event of the 
primary latch failing. Thus, if the blocking device on 
one of the doors is considered as being the primary 
latch, then the blocking device of the other door can be 
considered as being its secondary latch, and vice versa. 
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The third level of locking is achieved by an 
abutment locking device 3 8 referred to as a "tertiary 
latch" which is positioned at one of the side ends of 
each of the doors or of one door only. These tertiary 
latches may be connected to the electronic units 18a, 
18b, to the FADEC 20, and/or directly to the airplane 
cockpit. They are preferably controlled directly from 
the airplane cockpit so as to provide sufficient 
operating safety and so as to overcome possible common 
modes. When connected to the FADEC or to the airplane 
cockpit, the tertiary latches remain operational even in 
the event of the electronic control units 18a, 18b 
failing. They enable the loads on the reverser door to 
be taken up in the event of the primary and secondary 
15 latches failing. 

Furthermore the thrust reverser of the invention 
includes at least one sensor or detector per door for 
measuring at least one item of position data concerning 
the door 10a, 10b. These sensors or detectors enable the 
open or closed position of each door of the reverser to 
be monitored and they are electrically connected to the 
electronic control unit 18a, 18b of the door controlled 
by said unit. They are powered electrically by said 
electronic units. 

Advantageously, for each door 10a, 10b, the thrust 
reverser has a set of sensors comprising a first sensor 
4 0 measuring an item of position data concerning the 
door, a second sensor 42 measuring an item of state data 
concerning the primary latch 36, and a third sensor 43 
measuring an item of state data concerning the tertiary 
latch 38. 

By way of example, the first sensor 40 measuring 
door position is positioned on the gearbox 2 6 of one of 
the control actuators 12 of the door. The first sensor 
40 is connected to the electronic control unit 18a, 18b 
in order to transmit data thereto concerning the position 
of the door. 
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The first sensor 40 preferably measures the position 
of the control actuator 12 with which it is associated on 
a continuous basis. For example, the first sensor can be 
an electrical angular displacement sensor of the 
"resolver" type providing an electrical signal that is 
characteristic of the angular position of a rotor (not 
shown) in the gearbox 26 that is mounted on the control 
actuator 12 with which the sensor is associated. Such 
continuous measurement provided by an angular 
displacement sensor provides information concerning the 
position of the control actuator at all times, thereby 
making it possible to synchronize the doors while they 
are being moved. Such position measurement serves to 
detect any difference in position between the two doors 
10a and 10b, and thus enables the speed of each of the 
two electric motors 14a and 14b to be controlled via the 
electronic control units 18a and 18b in such a manner as 
to obtain proper displacement of the reverser. 
Continuously measuring the position of each door also 
serves to detect any blocking or jamming of a door much 
sooner than is possible when using abutment sensors only. 
This thus enables the electric motors to avoiding forcing 
the doors if they become jammed, where such forcing 
generally has the effect of making the jamming or 
blocking worse. As a result, the use of angular 
displacement sensors serves to provide the reverser with 
automatic protection enabling potential damage to be 
minimized, and thus minimizing the associated repair 
costs. Finally, continuous measurement is a way of 
detecting possible failure of the latches 36, 38 to 
latch, which failures might otherwise have passed 
undetected, with such detection improving safety. 

The second and third sensors 42 and 43 may be state 
sensors associated with the primary latch and the 
tertiary latch providing the electronic control units 18a 
and 18b of each of the doors with information about the 
locked or unlocked state of the corresponding latches. 



The second and third sensors 42, 43 are connected to the 
corresponding electronic unit 18a, 18b so as to transmit 
data thereto concerning the position of the corresponding 
latch. For example, these sensors may be constituted by 
proximity devices of optical or magnetic type or indeed 
by mechanical switches. 

As shown in Figure 2, the sensors 40, 42, and 43 for 
each door 10a, 10b transmit door position data and state 
data concerning the primary and tertiary latches to the 
electronic unit 18a, 18b controlling the same door 
(transmission 44) . The electronic units 18a, 18b which 
are interconnected by the electrical link 30 (see 
Figure 1) exchange door position data and primary and 
tertiary latch state data (transmission 46) so that each 
electronic unit receives the data coming from both sets 
of sensors. The channels 2 0a and 2 0b of the FADEC 2 0 
which are connected to respective ones of the electronic 
units 18a and 18b thus both receive the data coming from 
both sets of sensors 40, 42, and 43 (transmission 48). 
Both channels are thus individually informed about the 
position of each door 10a, 10b and about the state of 
each primary and tertiary latch. Furthermore, each 
electronic control unit 18a, 18b also sends data 
concerning its own operating state over the corresponding 
channel 2 0a, 20b of the FADEC (transmission 48) . The 
channels of the FADEC can exchange data between each 
other (transmission 50) . The FADEC then transmits the 
data concerning the positions of the two doors 10a, 10b 
and concerning the states of the primary and tertiary 
latches to the airplane cockpit, together with data 
concerning the operating states of the two electronic 
control units 18a, 18b (transmission 52) . 

Thus, by means of data crossing over in this way, 
the thrust reverser of the invention enables the thrust 
reverser control system to be continuously informed about 
the positions of both doors of the reverser and the 
operating states of both electronic units, and this 



continues to be the case under all breakdown 
conf igurat ions . Thus : 

- in the event of one of the electronic units 18a, 
18b failing: the non-operating state of the electronic 
unit concerning is sent to the FADEC channels 20a, 20b 
that is associated therewith. Since each electronic unit 
receives data concerning the positions of both doors 10a, 
10b, this data continuous to be transmitted to the FADEC 
channel 2 0a, 20b associated with the remaining electronic 
unit. In addition, since both FADEC channels 20a, 20b 
exchange data, each of them is informed about the state 
of the thrust reverser control system; 

- in the event of one of the FADEC channels 2 0a, 2 0b 
failing: given that each FADEC channel receives data 
concerning the positions of both doors and the operating 
state of both electronic control units, this data 
continues to be transmitted to the thrust reverser 
control system over the remaining FADEC channel; 

- in the event of a breakdown both in one of the 
electronic units 18a, 18b and in the FADEC channel 20a, 
20b associated with the same door 10a, 10b: this 
situation corresponds to a failure of one of the FADEC 
channels as described above, the remaining FADEC channel 
transmitting the data to the thrust reverser control 
system; and 

- in order to be able to handle a breakdown in one 
of the electronic control units 18a, 18b and in that one 
of the FADEC channels 20a, 20b that is not associated 
with the same door 10a, 10b, provision is advantageously 
made to connect each electronic control unit to both of 
the FADEC channels so that the remaining FADEC channel 
receives all of the data needed for transmission to the 
thrust reverser control system. This transmission 54 of 
data between the electronic control units and the "other" 
FADEC channels is represented by dashed lines in 

Figure 2 . 



